BIOCHEMICAL SOCIETY TRANSACTIONS
, with or without tunicamycin (0.1 pg/ml) or castanospermine (10 pg/ml). Washed explants (typically 100 pg of protein) were homogenized in hyptonic Tes buffer, pH 7.0 [4] , and centrifuged ( lo5 g, for 15 min). The supernatant (containing soluble proteins) was removed.
A portion of the washed pellet was extracted with Chaps (20 g/l) to release 50-60'%, of the membrane-bound proteins.
The remaining membrane fraction, and the soluble fraction, were assayed for marker enzymes: Na' ,K'-ATPase (plasma membrane), hcxosaminidasc (lysosomes), a-mannosidase 11 (Golgi complex), a-glucosidase pH 6.5 (rough endoplasmic reticulum), a-glucosidase pH 4.0 (lysosomes) and lactate dehydrogenase (cytosol). Glycoprotein composition was assessed by lcctin affinity chromatography on insolubilized concanavalin A, followcd by SDS/polyacrylamide-gel electrophoresis (PAGE) 151. Gross morphology and ultrastructure of the explants were assessed by phase-contrast microscopy and transmission electron microscopy, rcspcctively [ 31. After 14 days in the presence of tunicamycin, the specific activity of lactate dehydrogenase was little affected, whereas that of hexosaminidase, a-mannosidase II and a-glucosidase (pH 6.5) was severely reduced (to 15%, 42% and 28% of control values, respectively). As expected, tunicamycin depressed the levels of N-linked glycoproteins, but not of non-glycoproteins. Table 1 shows the cffect of castanospermine on the marker enzymes of cultured ( 10 day) cerebellar explants. As expected, the alkaloid markedly reduced the activity of the membrane-bound a-glucosidase involved in processing of nascent Winked oligosaccharide chains in the rough endoplasmic reticulum; the lysosomal isoenzyme was also inhibited. The non-glycoprotein lactate dehydrogenase was not affected, as expected. The activity of the other three (glycoprotein) marker enzymes was moderately reduced.
Analysis of the Winked glycoprotein components revealed, as expected, no significant differences between the control and the castanospermine-treated explants.
By phase-contrast microscopy, control explants of ccrebellum maintained for 10-14 days were pale, with bundles of nerve fibres and a mat of heterogeneous cells extending from them. Electron microscopy revealed well-differentiated healthy neurons, principally granule cells, Purkinje cells, and putative Golgi cells. Large neurons were rich in rough endoplasmic reticulum, Golgi elements, and pale mitochondria. The neuropil contained numerous simplc synapses.
Castanospermine-treated explants appeared phase dark and were surrounded by many macrophages, and a rich mat of cells. Electron microscopy revealed a mixture of healthy and degenerating neurons, and abundant simple synapses. Apparently healthy neuronal cytoplasm contained numerous Golgi elements surrounded by smooth and coated vesicles, numerous lysosomes, and dark mitochondria often in prominent clusters.
Previous studies in our laboratory have shown microalgae and cyanobacteria to be a novel source of glycosidase inhibitors. A screen of microalgae and cyanobacteria identified 38 different strains producing inhibitors of a-amylase, aglucosidase or P-galactosidase [ 11. We have previously shown one of the a-glucosidasc inhibitors to be pentagalloylglucose [ 21. Three further inhibitors are currently under investigation and are described here.
Anahaena Jos-aquae produces an extracellular a-amylase inhibitor. The inhibitor was purified using the following procedure. Algae were grown in media BGM 1 1 131 for 12-14 days. The culture supernatants were rccovered by centrifugation (3900 g), filtered through a Whatman no. 1 filter and rotary evaporated to dryness. The residue from 2.0 litres of culture supernatant was dissolved in 8 ml of ammonium bicarbonate solution ( 1 0 mM) and passed through a Sephadex G 15 column ( Y O cm x 2.4 cm) equilibrated in the same buffer. The pcak of enzyme inhibitory activity was collected and rotary evaporated to dryness. The residue was extracted ( x 5) with 10 ml of methanol, redissolving the dried residue in water and drying before each extraction. The pooled methanol extracts were dried under vacuum, redissolved in 1 ml of methanol/chloroform/2.5 Mammonium hydroxide (40:60:8; by vol.) and run onto a silica gel column (50 cm x 1 cm) equilibrated with the same solvent at 0.5 ml/min. Fractions (10 ml) were collected and inhibitor was shown t o be eluted between fractions 3 and 1 0 . Fractions 4-7 inclusivc were pooled, rotary evaporated to dryness then redissolved in ammonium bicarbonate (10 mM). The sample was finally purified by h.p.1.c. using a C , , (Spherisorb ODS.
25 cm x 4.6 mm) column equilibrated in 10 mM-ammonium bicarbonate and run at 1.5 ml/min. After loading of the sample, a linear gradient from 10% to 50% methanol was applied over a 25-min period. The inhibitor eluted between I 1 and 13 min and gave a single spot ( H , = 0.22) t.1.c. silica plates in methanol/chloroform/2.5 M-ammonium bicarbonate (40:60:8, by vol.). when developed with 50% (v/v) sulphuric acid. Development with phenol sulphuric acid gave a brown spot and carbazole sulphuric acid gave a violet spot, indicating the presence of a sugar. Positive fast atom bombardment mass spectroscopy on the purified material gave an M , of 323. Further study using chemical ionization of the trimethylsilylated derivative and analysis by nuclear magnetic resonance has provided the proposed structure shown in Fig. 1 .
Methanolic extracts of the algae Mesotueriiitm culduriorum and Mougeotiu sp. have been shown to inhibit a-glucosidase. For both extracts the active components have been extensively purified by chromatography on Sephadex LH 2 0 (41 c m x 1.6 cm) in 95% (v/v) methanol/S% (w/v) ammonium bicarbonate/100 mM-&mercaptoethanol, followed by chromatography on silica in water containing 100 mM-~-mcrcaptocthanol for Mesotueriiitm culdurioriim and 80%) (v/v) water/20% (v/v) methanol/ 100 mM-pmercaptoethanol for Moitgeotiu sp. The active fractions were collected and each showed a single spot on silica t.1.c. (butanol/acetic acid/water, 2.8: 1 : 1, by vol.) when developed with SO'% (v/v) sulphuric acid. However, in both cases, attempts at further analysis by h.p.1.c. and mass spectroscopy were unsuccessful due to the consistent loss of activity on concentration or drying of the sample. Concurrent with the loss of activity was the appearance of a reddish brown precipitate in each sample. Such changes are symptomatic of the polymerization of tannins, which can be caused by air oxidation [ 41, a not uncommon problem associated with the purification of tannins. Use of excess P-mercaptoethanol did not
The N-linked oligosaccharides of bovine skin proteodermatan sulphate prevent this problem. Treatment of the initial extracts with polyvinylpyrrolidone resulted in the loss of enzyme inhibitory activity in both cases and, with t.l.c., the active components gave a positive reaction with K,Fe(CN),/FeCI, spray, which supported the hypothesis that the active compounds were tannins. The non-specific precipitation of proteins by tannins have been well documented [ S ] , but, since in both cases methanol extracts of these algae did not inhibit other enzymes tested it seems that these tannins inhibit aglucosidase specifically. Indeed, we have previously shown that the tannin pentagalloylglucose from Spirogyru vuriuris specifically inhibits a-glucosidase [ 21 and others have suggested a role for tannins as specific enzyme inhibitors 161.
